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.SELECTION OF LASER DEAN SOURCE 

• DETERMINATION OF MOVING AMOUNT OF WORK IN Z-AXIS 
DIRECTION 

. ILLUMINATION OF WORK 

. CALCULATION OF SUCH TOCOS POINT DATA THAT FOCUS POINT 
OF VISIBLE LIGHT OF LIGHT SOURCE FOR OBSERVATION IS 
POSITIONED ON SURFACE OF WORK 

• MOVEMENT OF WORK IN X-AXIS DIRECTION SO THAT VISIBLE 
LIGHT OF LIGHT SOURCE FOR OBSERVATION IS POSITIONED ON 
SURFACE OF WORK 

. MOVEMENT OF WORK IN Z-AXIS DIRECTION TO SUCH A POSITION 
THAT CONDENSED POINT OF LASER BEAM COMES INSIDE WORK 
.FORMATION OF FUSING PROCESSING AREA INSIDE WORK 
.CUTTING OF WORK 



(57) Abstract: A laser beam machining method and a laser 
beam machining device capable of cutting a work without pro- 
ducing a fusing and a cracking out of a predetermined cutting 
line on the surface of the work, wherein a pulse laser beam (L) 
is radiated on the predetermined cut line (5) on the surface (3) 
of the work (1) under the conditions causing a multiple photon 
absorption and with a condensed point (P) aligned to the inside 
of the work (1), and a modified area is formed inside the work 
(1) along the predetermined cut line (5) by moving the con- 
densed point (P) along the predetermined cut line (5), whereby 
the work (1 ) can be cut with a rather small force by cracking the 
work (1) along the predetermined cut line (5) starting from the 
modified area and, because the pulse laser beam (L) radiated 
is not almost absorbed onto the surface (3) of the work (1), the 
surface (3) is not fused even if the modified area is formed. 
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EI 1 4 tt#||»li©fl 1 09£ffi3 u— !f j&px#&fcM-e p-ifijpx^ 



36 



WO 02/22301 PCT/JP01/07954 

'I 

El 2 2 tt#«0Ii©3i 2#|££l£ W^fci D 1^— !f»mr^tlTV>S 
3fc^®tt*m© f$rM0-£ & £ o 
El 2 3 W»I©i2«i:iSW^t:i D ^-Vftlfifmztitzim 

o 

EI 2 5 \±m 2 3 ^^-T^iitt#3|BI.©XXV-XXVS^tt&ofcif®0T-$)So 

©xxv-xxv^»^ tz mmm-?$> z <> 

02 7ttl|^©^i&jg&£ Lfe^t^{tS02 3lc^-r^^i 
W^©XXV-XXVi^{c:t& o ©f ®0^ & 5 o 

02 9 l£#fl»il©££ 2 0Jfc#312J$r£&©fi£ 2 X;S£7jsfflE«3ii^ 
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m 3 o &*mmm®m 2 nkto&wmttom 3 ^M^t&mm^ x/\ 

.032 i±*H»H©Jg 2 W3&312J»r#&©!g 5 lg£ ja*"rjBE*5fr?t> x ^ 

jfM £ ti fc * > tmi/© *p m © £ m t 0 -e & s o 

03 5{±03 3fc^-r^>r;i/©XXXV-XXXV^^ofe»fffi0T$>So 
03 6 {±03 4^-r^>7°;i/©XXXVI-XXXVI^»^fe»fM0T$)S„ 

03 9 {i*^|g^fig©^3^Jfc:^54iRii^* L£ I/— lfftfc**ifc: J; 

042 &*^su$i©fg 3 m\m% 9 o ° mteistigpfc^t 1/2 

©®&0T-&£ O 

043 i±#^M#i©£§ 3^jfc#s 1/— if snx^^^-rs &#>© 7 d-5=- 
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So 

04 7 £04 5fc^^Un>«>x/\fc*||M0^©^309fc#5V-1fflni 

So 

04 8 &4£3II0&JB<2> & 4 ftl&ffi 3 l/-1fJ0X«BO|Rll8«lBRBI-C & 3 

0 4 9 {±0 4 4 liTF-f U rr x/M:*»i0i 4^Jfc#S FflDl 

So 

05 1 {±05 0 t^tW^7^ >±©LI-LIfc?&oTWbfc»fM0T-a5 

So 

05 3 {±05 o^-rw^^^v^tt^-rsLin-Linfc^oTWbfc 

05 4 {±05 0 fcwtlOTH^^-f >i:ifi3^-rSLIV-LIVfc?&oTWLfc»f 
M0T-*^o 

0 5 5 {±0 5 o iz7P'tMJLMM.m%:wm^fe7 j y^^rwrnhtc^mmx- 
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m 5 6 it^mMmom 5 m t« v -^m^^m^x *5 y ^ * # y h 

o 

EI 5 7 \$M 5 6 iz^tmJlMm^Wm^y << > K:»o T« bfc¥®ElT- 
K.$k% £ tiT V ^ £ ftltg £ ^ tlllixftgi^ © ®f ® El 7? & 3 o 

*f#t^©B?r®0-e&So 

0 6 2(i0 5 8^^J«tD/h^VV^-©/^l/Xl/-1f)te^fflv>fe^©j[ia 
0 6 3 &EI 6 2 .fc^-ri/— tf3fcOflBWfc £3£^^#MBT?SBfc$ft&* 
EI 6 4 ttEl 6 0 fcwtWA D >J*&W7— ©/Vl/X I/— if^*MV>fe^-©iD 
EI 6 5 \m 6 4 i3^l/-if^©Mlirfc<fcS^^M^iia-T:^^tifc^ 
EI 6 6&0 5 7fc^-T«JWf^^>r >tit^-raLXVI-LXVI^oTTOb 

06 8 &#H»ii©Sg 5 u-ifSox^gfc:^^ & fts^ft&ifflffls© 
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071 &*mmm<Dm 5 m\m% v— n^mmo^mmm^^ti^m 

072 i±*mmm(Dm 6 m\m s u-v m^mm<DimMim-z$> 3 o 

0 7 3 fcfc A > ^IBg £ tiT n v 1/ > X ic J: 5 1/ 

07 4ttlf-Ax^^>^*JBBg$nTVN5«^0|g3fefflV>^fc: < kSl/~ 

m 7 6 d &mm$ tit w& v ^m^<o^%m vyx^&zv ~^<om 
079 \±*mmm® ^-^m^Mwomm^mx e> fts£tt$ij«©#© 

#l©:/D>.y£0-e&& o 

08 1 \±^mMTM<DM 8 Anxfc £ f) ^ ^ y 

08 2 (±*^SS7B^©^ 8 0)J 3 1/ -if jpxtc ^^7^^ ti 
tzMJLMmiiOWm^fe? J > fc?&o fcg&#©ti&©0!]©¥ffi0T*& £ o 
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®85 i±*mfimm<Dm3mfcm%> v—ma^w®±wumu®~m®-u 

El 9 2 tt^^Jfg^^©^ 9^Jlc^§ l^-lfJpx^^^v^TiPxm^ortSU 
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m 9 7 im 9 6 t^t-Jnxm#©g|5^®f®|llT$> 3 o 

HI 9 8 &:fc^»Ji©£g 1 I/— ^fiOX^^ffiV^Ti^x^^|0|*| 

m 9 9 M 9 8 fc^-t#nxftat>0$#©fffi®T*&3o 

®i o o \±*mmm(om i o^j«§ i/— ? jDx#&£^T;&Dxm^© 

^ftfcMT'^K I/— if^©3ift*#lt{C^t<-r§i:nhv>EQ©^ (n= 
2, 3, 4, • • T-WtilRiR^D^o d©3iil£#^i!£ifc^ 

5o ; VI/* $©*§-£% l/-1f^©5S(Jgi±l/-1f3fe©^^©lf-^>'l'7-^ ( 
W/cm2) m%-\S.\Z->7 rty-ife&tt \ x 1 0 8 (W/cm2) &±©^{4: 

$mm (w/ cm 2) -e&sso 

ei i ~Ei6 ^js^tifcii-irao 0 1 ifipx«ti©iiaxm^ i ©¥MEIt& 
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iv-iv^fc$&o d x 0 5 \m 3 (c^-nrax^tr i w-vnizm 

0 1 Rxm 2 fc^-r <t a tx twT.nM.rn i ©s® 3 fcttnowr?^ 4 > 5 

7 &M-r£©-ett&i^ Joi^ti l fc: if3fcL*aa$-&jDxjtjfi«r 1 © 

©®^$>i!itis©-e> ® 6 fc^vr<fc a fcJt^/j^3&^Tiipx^% 1 

£ i: ft < Jnx*WM& 1 © wm& rTIB £ * § o 
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ttfwwtefe* c < s afcics**^ u s «r t #t § s© 

\±n < & SMIrJ tab £ ©^ c: o «k a &#J«te© «fc ^WM15m&*g?fm 

(1) ~ (3) 

*^££-fcH*T\ iM^l^lM^lx 1 0 8 (W/cm 2 ) fil±-C*o 

tt£3fc?iRJKfc «fc i^iHl ^ 9 m^^-T s o c: ©^#}»«fc: J: t> Ap 
xftg^©ft$fc^t>r&#^£*v ci^ic:^ DJpx^ftfe%©rtat:^^y^ 
*«^^*tt«o «#38Jg©±6BlI£: hX\±s MlilxlO 12 (W/cm 2 ) 

7!&3o /i;i/*fifcfcfll*.« lns~2 0 Ons^SUK ^M&?lRJRfcJ: 
3*5**«tt©J&fci± N flitt* S64 5®l/-1f*ttnxWSfe^flfcS^I (19 9 
8^. 12£) ©f£2 3M~SI2 8JI© rg^-if-^ii^fcij;^^^ 
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(a) munma sui/yzzx^z (m$ 700 um) 

(B) b-if 

KM : ^^l/-1»§Nd:YAGl/-- If 
&g : 1 0 6 4 run 

v— -yytxtfy hmmm : 3 . 14x1 o- 8 cm 2 

fl*D3gbft&ft : 1 0 OkHz 
rt)]/7J% : 3 Ons . 

. I/— if^fcfip® : TEMoo 

(C) %k%m 1/ >X 

mm/Hi 

££&£g&#©*§£^&£ 0 ^^^©mT^-r^-^Ji^^b^X (C 
) (OWIOO^ RlDft (NA) #0. 8 0(D«^-C*5, ^77^ 
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(ostium??— *&myt)% u >x (o cd^*$5o^ (na> #o 

. 5 5©^§£-?:&£ 0 ^-^W-^&si 0 11 (W/cm*) ig&fr £>;&DX*tii 
^J©«©*#-XAfco^TE8~El 1 ^m^xmmir^o m8izmTX 

•5 13> ^3fc?!RJR^ DS^TiPX*^ 1 ©rta$fc£yfej&P*-&fc*T I/— 

fc^-r«j;afc^^y^^9^^i:bT^7y^*s^e>tc:jt«U 01 Oizm 

\zz =7 v z ms&nnm t ®ma 3 tmm 2 1 taai, n 1 1 ^-r^ 

& mm $ ti s £ t «fc b j&r-t & * 0 
(2) astw^^^ii^a^©^ 

* 

*£-;btfT\ x 1 0 8 (W/cm2) J^±T^o/Vl/X 

* fc> SWiWft bfc«tt^AJi&]P£fb bfe^ h M z t -£ t 
*IIS*»0l^fc^bfc«*kv^ck**c*« o JJiffiii 
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W/cm2) T-$,So /Vls7.mi±M7U£lns~2 0 0nsWS:U^ 

(A) iDxmtl : U n > i;\ (Jf £ 3 5 0 ^m, ft® 4 -f 

(B) I/— if 

: ^#^V-ifJg|jjgNd:YAGl/— tf 
$S : 1 0 6 4nm 

u—yytxtfv mmm: 3. hxio-w 

HDigbM«: 1 0 0kHz 
rfftzm : 3 Ons 
tB^7 : 2 0 1± Z/rt)VZ. 
V—y%F a m. :TEMoo 

(C) 1/ >X 

mm : 5 o& 

NA: 0 . 5 5 

(d) mi:M0LM&mm$h2>mw€t<D&mmg. : 1 0 omm/# 

m 1 2 ti_hIB^f £ J="C © V —If Sox fc: J; D12J®r£tifc^ U =i ©-§&(;:;& 
tt3ftr®©¥H£^bfc®T*&3o $/>Jri>i>xAl 1 ©^t^iii^a^l 
StfBf&SftWSo ±fB^#fc«tD^^nfe^ifi^!lS^©Ji^^|ni 
©*££& 1 0 O^majgT&So 

SSIJM^ 1 3 &&^m&tz&VWtf&$HtzZt*MW?5o HI 1 3 J± % 
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MM^*7FVX^&o i> U ^ >S^£D^t*s 5 Ojum^ 10 0/zm. 2 0 0# 
500 >am N 1 0 0 0 #m©#*icoi>T±fBH«^bfc 0 
#J*tfx Nd:YAGl/ -If ©&«•?&£ 1 0 6 4nmlc::fcV^ isVuy^fa® 
J?^*s 5 0 0 //mWT©$^ U =r (± l>— If 8. 0 %M±& 

®fr£> 1 7 5 JULmOUMzMWuZMo £ ©^©^Jg^fi, iP£2 0 0//m© 

1 lotwtHiMiSftsc&MfrT&tK &£A,£#3is®t£o z®zt\±, >> 

>U l©WIRfcJ&ifc (o| t) l/-1f3fcfc«kSM#©^^^ll^M^^) 
mme 6M (2 0 0 0*M£) ©H7 2J|~3I7 3H© ren#/Vl/^U-if{3 
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&tt%mm&m& 1 x 1 o 8 (w/ cm 2) ^±T^^;i/^«^insWT©^T- 

« 

12 (W/cm2) T?&So 'Vlzmi±MZ.&lns&Tifi1$%L<, lpsJUTF**;* 

•vmuJimft&Mxm (1997^. 1 ie> <omi 0 sh-sii 1 is© r ? 

o 

csg 1 mi 

^^fflT-tsu-ifipx^gi 0 o©mm&TO®T^§o 1^— tfirax^gi 0 

Ofck V-lfftLfc^-rsi/-- tf3fc^l 0 lfc, l/-if^L©ii}^^;^i|g 

-1f^L©Ml^tl^WL^ol/~1f^L©^]i©|qi^^9 0° ^^ckatE 
g^^xfe^-f ^D-f y^^^-i 0 £V*D-f >y^^^-i o 3T?&|*£ 

nfc u-y M.ftmmzhz>mx.ftmn 1 1 0 7 mus 

10 7 £Xftt#[iioa£lfr£*3fc&©X$ftX^-^ 1 0 9 ts MU£ 10 7H 
W^l^fcit^l-SYlIiA^l^fc^llj^-frSfe^OYllli^T 1 — VI 1 lhs «g£l 
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o 7 *xm&Tnm%mzm&tzzm%m£&M$#ztc®(DmzT-v 1 i 

3^ Ctlf)£^f-^10 9,1 1 1,1 1 3 0&m*&mT&Zr-*?M 

zn^riqu±jDx»ft«!i i ©g® 3 £tt£-r£#iqjfc©-^ ipxmt? i fcAir 

■fSl^— 1f*L©^lUS«iS0^|qFfcft*o «fcoTx ZWl^^-^l 13£Z$fc£|Sj 

X(Y)iXf-S?10 9 (111) t«tt)X(Y)«|^lSlt:^i&^*5C^fc: < fcDff 
5o X(Y)«|Xy-$; 10 9 (111) ^fcs&So 

l/-1f3fc^l 0 l(i^;i/^l^-if^*^-rSNd:YAGl/—tf??^5o I/— 
ft»l 0 lfc:MV>S.Clfc*si5t5l/~ifi: LTs ^©ftfe N Nd:YV0 4 l/-if^ 

£7Wr3:t§£\ Nd:YAGlx-1f, Nd:YV0 4 P— iJ\ Nd:YLFl/— tf £/B^3© 

i/— tffinx^g i o o & fc, i o 7 fc«g^n^ijDx^giti l * or 

^^^-103 xirayyi i/ >x i o 5 1 m bytm±tzmw2 tut nwtm 

©H— AXXV ^ $f^§o ti-AX7*U y^H9 £HftfflV> 

XI 0 5 fcOBBfc^-f 7 P-f 5/^^7-1 0 3#IBM£frlW£o tT-AXXU 
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V— ifflnx^gl 0 0&££fc: N t?-AX7°D y# 1 1 9 N y<i9xx4y9\ 

X^m^yX 12 3 ZMttZo 12 It LT&#J;U£CCD(charge- 

coupled device)*p< ^Ififo&o tyffi^fe^J > 5^£^tfS® 3^Hl^Lfe*pr 

xT-y y# 1 i9^nu m®.\/>.xi2 ttttzhxmmfriz \xm. 
i^-if iox^g 1 0 0 e. mm* 121^ £ tifcsns^-^ *s 

AASftsaffex^fliiM 1 2 5 b-ifjDx^a 1 0 0±^«lHfli-r«^ 

mm® 127 1 2 9 1 2 5 1±, n 
1 5 mm^-v 1 1 3 ^mmm-t* c t £ «t t> „ qr«^o«u^#M 3 m 

3 ©te^H^om^-^ ^ift^o £©a^— * i±±fopmu 1 2 7 1 
> 1 2 9 fcwm&mifimm$ tiZo 

W10 2^ 1 1 7£V;*y-$>«iJ0flfij 115 *»Jfl«C b 
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m 1 4 sot 1 5 £/b^t\ xmrnmom lmmz i/-wx^ 

LT\ Jpx^^l© z $fc£[q]©&lftl:£&£-rs (SI 0 3) 0 Z.tii±, U- 

■yyt l <omyt& p &mz.tt%.® 1 ©Mfc&g^-^fca&fc:, MoLnma 1 © 
^® 3 tztiLutz u—yyt l ®myt&*gmt Ltcmz.-ftm.yo 1 © z mp^© 

jwx»fe«ii £ v-ifjaxigg i o o ©ibss i o 7 icmg«o ^ ux\ m 
^ffi^i i 7 3tpe>pr^*^^-a-Tipx^^ i ttmrntz (s 1 o 5)„ 
mwz titzwm^fe? j > 5 £^t?snx*ri^ 1 ©st® 3 *®#m-T 1 2 1 ict 

fc^^Tji^-^M^ 1 2 5 \zimmim 1 1 7 © nr«©^#s 

® 3 <fc 5 &iO£7=-* £«n-r s (s 1 0 7 )o 

:®Mr-^7r-^W 1 1 5 fc^tl&o Xt-« 1 1 5 tt N 
CI ©$^r-# UT Z Hfc* 5*-S> 1 1 3 £ Z ft ©;£!&£ 3 (S 1 0 

9) 0 cttic^Dx mm%KMi 1 7©qr^©^^®3tffit-rso 

it^-^M 1 2 5 fciit^r-* «-3^T, TOB^-f > 5 ^^tffinx 
tt^J 1 ©SM 3 ©£fc*:lI^x-£ $^#-T -5 o £ ©te*!J^— # &±#M$J 
$1 2 7£^bT^-* 1 2 9ra^tls Z.tHz£V)^-# 1 2 9fc||^7 
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£&M®& 12 7 fc&Wx^ y 7* S 1 0 3 tltz&MM?—*? 
M 1 1 5tt£©&a&S^-*fca£t5VV?\ l/-if3te L ©Hftj£ P ^DI^ 

«n©ra»fc&sffiSfi:s zi7f-y 1 1 3 fc<kt)iipx»A%.iftz«i^fc 

(SI l l)o 

mm i ©g?® 3 (Dtom^fc^j > 5 tcj»-r s. i/— 9% l ©h^ p atam 

toJ-tt&fy 1 ©ftfipfc^-r s (s 1 1 3 ) 0 ^ tTs jax^r^ 1 stzJWf^jg 
•>5tc?&-=>Tfflfcf3£fcfc«fcD. > jnx^mtHMWf-rs (SI 1 5) 0 £ 

Jpx^ft* 1 ©F*3gfffc3l3toft P ^fc-li-Tx AH* Jffls-L ZWWi^fe^j 
>5 {c:Mi?bTVNSo LT\ X 1 0 9-$> Y fftX^-^ 1 1 1 £g 
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fcffetr 1 Oil 3 T*i±;Vt^ I/— if ft L mzthZWMZttft^®^ 

5 6ft;h,fc^i^&ft|;h^»IS#£ C 3 £ £ & < N Jpx^Tgi^ l wit s c 

Zlt^mfoT-y^ ffifr/HXfy7, Mffi^O^^H) ©#Hg£D£l*l± 

.ft fc> £ i m^.imm i ©^® 3 owm^^ -y > 5 i±mm t& 

t^©^ «J»r?€7-f >5©(g (£©*ii±, m«*MMt:«>*^©»£\ 

So =-3©l/-1fft$(l 5, 17, 1 9 4»6ffilteftfc=o©i/— ifft 
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mvo i/-if ym*m^ s ©t\ u—v yt&/vvz u-v%\cit^x^ v -#/h 

Wlg^^^^t^qTtgil^S,, ^©^jT'ttHOCDW-lf^l 5, 1 

So 7i/-f3fe«ii52 5, 27, 2 ^o^vi^xn^mz.wM^ntcv—^% 

KMW&MUhhX IiTaOa #>£>&3ff £&4 0 0/tm ^©ES^e? m 

^2^jfc#s^o»f^g}±x s 1 4 izmti'-ymx.mm 1 o o&ot 19,® 

♦ 

2oizm-tmni»t>nj&$ti% e mi 9 sot 2 otzmtrnm^^xmrn-r^o 

£ES^?^x;\3 ltt, m$^m£LX<Dt7^\i/-h (7 4 3 3 iz$m 
£*IW3 0 £©«^/v>-h 3 3tt, ffi*^?«>^3 l^^-rSfl!|©®3&s 
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&%&*%-t%mim : r~-7mfrt>tiit), «£*rbW3 0 £x/v>-h3 3 

Emm^^m 1I± N Ell 9t^tiSJ:ofcs ^ ft S^fWi© 
ffim^H;*^y:/3 7£^/£V^„ =&H«^H^^y7°3 7&08&SP3 9 

£>&££E«|{t^x;\3 1) (DytWLtiLft&ZMfeirZ (S2 0 1)„ ^M^ffi 

$&r©i/— tf3t l <&ttii^-rsi/-if^i o i*m%.?& (s2 0 3) o m2m 

fcjfeVvtfck S#i&fcK#l 0 6 4nmT-&£/Vl/*& (PW) M© YAG l/-if 
#?15£&tlW3o CI© YAG V— mt, SVlZ(Dmt)teLm$m&2 0Hz 

^;VXli#6ns T*&?K 3 0 0 juJ T&So 

YAG U— !F;&»£tH£tf£*l£l/-- if}feL©;*#y hg(i, 2 O^migJgT^So 
M^^©ff^$S!|^-rs (S2 0 5) o -®»fm^©JP^*s«iJ 

(S2 o 7) 0 ix-tfft l ©n^©^&* (^»«) fciu wmnmtPc® 

t\*%>o 

m2 2\z7F£tiz>£o£s $m<Du— tf^fc l ©jg^ p (Dt&wit, wmnM 
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b > afcteB v >x 1 o 5 Tfitete^nfc i/— if ft l ©hm q ©#g «t d feuow 

******* (JEfcjfrJ^xAS 1) 0M*6«^fcC5fc:ffi«f S«t5fcfe*. 

^DAoCfcfcftSo lx-ifft L ©£3tej&©*lfcl (^M) tt> Jbjfcbfc 

w z wx^-^i i stz&DMf&ztiz) ±izmm^ titcmm^ i o 7t*r 

UT«>xAS/-h3 3t:«Sf*nfc«I»f»it»»%«St** (S2 0 9) o w 

— if ^6 L (OiMtfflfM^OilifcffiltS «fc -5 fc: z Mpt?-? 1 1 
.3*^»$-&T7*-*^W»*fj-5 (S2 1 l)o Jitli, i^Mil l 

7fcj:^T#6ti«jE«^xA3 1 ommmmm^mmm^ 1 2 ijc^ji 
ffl»*nfc^io»f^ft«»©*®±Tjjijs*iii^a:-5fc z w^^-y 1 1 3 

©#SMft»*8tf£U 7^-^«l 1 5fc:ttl^-r§o ^y-yftHMBl 1 5 
fciU i§T-^W 1 2 5fr6©tB;bM-tfc*3^-t\ Z Iftll^x-^ 113© 

&©ftfi£&£<fc5fcZ|fiX7 i -s;i 1 3*©Jfl3lt*So 
f^fflftMl 1 7fr£ffi|*£ftfcft©7;i-- *XWl£jW&;foa^ I/— IfftL 

®&ftti*®mM0&ft®misRTfimm*Kittfo Lfcmxtitmmitz (s 2 

ft L ©Hft^©^fc*#£W- Z 1 1 3 & 1/— !fft L ©ftWpSrftfcg; 
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tHA««gttfc^x-S?ft!iW» 1 1 5# Z fiX^-t? 1 1 3©^«ittS*®J 

v-tf* l ©n^0*(ft«^«w- z mxsp-s? 1 1 3 L O^fcift^ 

■fl^Tf* (S2 15), 

r-^109MY|^lll^m5 (S2 17), l/-1f*«l 

o if* l a:, 02 2 testis .tat. i)fcffii/>xi 

fc, 8 0//m) fcffitfflE«^«>m3 l©I^SUfcft*^ P &tiLmir%&5{z 
lr/HXf^3 7*ftMt%tz8>^ ®&TZ>®®®3 9 (DMZMmZhtc 

mm&is-yftL ifimMztiz&stffi&ztiT&t), v-vkl common 

*K ®2 2^^tlScta^ ffi**^!^ 1©M (l/-if*L#AIJ 

-fc^j«*nfciattaj3 9fci/— y* l ^M^n^v^^-r^^ti 
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5 7 fc^-TJPX^t/ 1 ^LXVI-LXVKcaoTTOLfe0-e$>So <fc-=>Ts 12J 
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* t & * U 1 / 1 It D CD x* fc i/ -if ft© ji$£& g^g l; fcfjiT- & 3 

(w) w±ttaTfttwrs3i6fiamvsi70iT% 
-*w» , r*^7-ai»aJ4 o ^y-i@w4 o i« % 0y*«x « 

$t©ND(neutral density) 7 -f £ s =&ND7^;i/^^V— ifftLOftttt^L 

g^tufcfiUft? £t N Hft7 * if3feL©3feitt&ifrtoJc8rg©£ft 
ft:fc\ 1/— tf«l 0 l©Mffl^#^l/~if©E«i«M*IEft«M^J^ 

©-ere* 5 i/— v%m®m® 1 o 2 -cfflm-s - £ t: <fc d > i/-if ^ 101 

3^'6ttl»$tl*l/-1f3fcL0^'7--*Sia'r«ca:*T?&5 o ctoTs lx-1fft 

L©/t»7-fck ;i<7-i8»4 0 IWV-MiWlO 2©sJ>&< £M> 
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mm 4 0 3 sftiw-r* v >xm$mmmmu 4 0 5 1, 
vyxmmkm±oz\±m%m\/yxio5e,, io5b N io5ct, zti 

t>*3zmtZ%.gfM4 0 7 *ffiZ.Z>o &%mi<>Xl 0 5a£^t?ft^© 
HPifs IfeftM V >X 1 0 5 b £^t?^2S©Pla$k JRft/g 1/ >X 1 0 5 c £ 

^tsft^omnm&zMhmteZo is>xmmm4oz\^ ]s>xm$m 
mm® 4 0 5 & ommz&^Timm 4 0 7 & 3 c ^ t «t ^ 31 

*ll/>X10 5a, 10 5b, 1 0 5 c©##£jjfrg©lft3feJ31/>X£ly-1f 

i/ >x?iiK«# 403 tmmf ztizmytm \s >x<om± 3 ^tcps^^ 

ffi 1 2 7 K^£^TggPiSt©*t£Xfc**ft/8 1/ >X 1 0 5 a, 1 

l/-ifiPXgtt4 0 0©«g£ 10 7 HftMl^X 1 0 5 a~ 1 0 5 c 
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£ffim&i2 rowHMMM o i tnsm^mmsnx^o m6 7& 

±VmmU 1 2 7 li/t*7-W»fB 4 0 1 ftftlffu <fc b ;i>7-# 

mi 2 7i±, Tt-ssaHRau 1 u ^Mii^iBiiiP 4 1 3 Rxm&ft&M 4 1 5* 
i/-if ^©;i 7 -©* t z^mtm v >x^ts yt&Zkom am.®* g $ 

Jfll/>X10 5a N 10 5K 1 0 5cO^-rtifr%mi-?2>Xj]fcLT l b £1^ 
£©*frs 1 2 7 fcjfcflyg 1/ >X 1 0 5 a, 1 0 5K 10 5c, *tl 

*§M5§£lf3figP4 1 3£tt, JVbZU— If^©^?— ©^C^&tFlfPgfc©^: 
^^©ffi^gfeSX^y h©^1£^©ffii8il^*«Wfa*S^ttTV>5 0 0 6 9{± N 
i©ffiWBWR4^"ry-^©— c©^JTfi> nPft©tt£&4t3&S 

l/>X10 5a, 10 5b, 1 0 5cCD#^fcoV>T, tLfe&^tr^5R©llP 
tt««SS*tlSo /t7-0lCii/^-W4 0 lfc£i>H»3ft*Afl/*l/ 

P^i:©M^t»-fr{c:ctDff^^n€.c&^^!y h©\ii£#g^£ti£ 0 

s rtV-ifil. 2 4 x 1 0 11 (W/cm 2 ) HPft#0. 5 5 © £ £ 

h©\Ji£&l 2 0//mT'$5o ^©JffllllSI^©^-*^:, 

if^W4 1 lfcW-©^:§$2iVilPjR0^:§**sA*$ii5ifcfci 
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-^-©^ 0 7 Ofcr^-Tctaic^^o M%.\£, /1»7— fcl. 49X10 11 
(W/W) fcHjeUBPjRtfO-. 5 5 ©£: ftSOmxtfy h©^ 

P«0. 8 ^H^W^-tfl. 19X10 11 (W/cm 2 ) (Db£lzW*m$ 

JPX^Wfe* lttS/U n >^x7\T$)§o SI 5 #)fc;|5^T\ Ell 5t^tll«l: 

^^1^-ifiQX*^^ mil {3X^^7*81 0 l~Xry7*Sl 1 1 *T*©»f^* 
fr-5o 

s-^xv mnm±\s> zmmwmmnt 4 0 5 ^hxu>xmmm4 0 3 

Wa51 2 70tSiWll (EI68) fcTd&SftS. cftfcj;^ lAfr 
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&£©i/— tfiax^gs 0 o©w§#i$ig-e&So i/— ifipx^gs 0 0©$^ 

g^© a ei 6 7 tc^-rii 5 #1 i/-ifsnx^g 400 ©jg^in ^ m- 

l/- If flDX&fi 5 0 0 fcJu ^HBttfiB 40U^^n>fy^*7-103 

-Ax*;*^>^5 0 l&^qT^T^ hT-Aac^^>^5 0 1 fcz«fc D 1^ 
-TOL©t-Ag^t<^§ < }:5{Cpti$tl§o tT~Ax.^X^>^5 0 1 

■ 4 0 3©fU>Dtelo©H}feffll,>Xl 0 5<HH;LSo 

u-mu^mmB o o©i&ft^5^j©i/— tfsnxggoiii^^^^s^^ 

±mmUl 2 7{cA*^ttfc|gP^©^:^^{c:S^<llP^©TOT$)So W 

Ztilz-D\,^Tmm?2>o ±fofflWffil 2 7fcfce-A:Mr*/t>^5 0 1 tM 
nmiZ&MZtlT^Zo 07 2{±d©®^^#RSLT^§o ^WW12 7fc 
^□^©AgStfA^ftS^fcitK ^«JTO1 2 7&tT-A:n*;*,i> 
^5 OlOfg^msSiMts. CJUCttK «^mi/>Xl 0 5(cA*r-T 
%V-VM J ®\Z~km®&*M*nm?Z>o ctot, Hftffil/>X10 5#1 

mtftZo zti*m7 3%.vm7 4*m^-cffi.w?Zo 

07 3{±, tr~Ax^x^>^5 0 1 ^IBg^tlTV^V^©«^l/>X 
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ifc£Sipt;:-r£ fc % jg 6 «7f ttWPft^gf < & 3 «fc 5 tilts 

o 

[H70J] 

0 Q ©£jft5X cd 5 % , ££5 flij&tf fg 6 m fc« S V -if taxmettMlk h HO 

3 ^HftMl^Xl 0 5 ^©^©l^-«L0^f4±fc«iKt) 
6 0 l#K«£ftw*. AHgjRD 6 0 l<Dmu<D*%Z*&7L%z.tk&t)m 
>mu>Xl 0 5©*3&g*|Bflj-rs 0 ftDjg&D 6 0 1 ttHP8SBfS3M£©-0!| 

1 2 7tc:J;!?#J#P£;ft,£ 0 

P-ifJnx&g 6 0 0 (DW!i¥ifim 5 MRV» 6 ft|© U-yto3j&W<DW}fttm 
fcS&fck £f*MM 1 2 7 fcA#£ftfcl!Pifc©*t£ fcg^ < PgP^©Hgi5 
T*fc3o b—tfiDX^g6 0 0(±A^^^||p|S:©^:^${c^v^TS[^D 
6 0 1©Hpo^m«ii:tit) % JgftJl \y >X 1 0 5 ©fc&gott/h 

>X 1 0 5 *£fc3fe£*©HP«*/J\£ < <fc 5 3 C : 

*U*BI7 6SOT7 7£^TI»fSo 
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■yytLQmft%7*tm~i:$>%o in 7 7 a, m&m 6 0 i#iBg£tix^ 

OT7 7^Jt^l-ti«^§<ka^> SE^D^iBg^ti-cv^v^^©*^ 

xmmmom 5 m~m 7m®£bmzmwtz>o m 7 8 y^rn^ 

£&f|ij»l 2 7&/1'7-»:£|$4 1 7SOTPKm3Mai5 4 1 3^Ix§, *B 

HH^fBM4 1 3 tzi± s ® 7 1 ^c:^•r1 : aii^05 ^ -^^i^)fB^i^^^•rv^?, 

y h©#rlI©ira£A:*j-f So gtlxsKy h©-t&tt, flOX*rgi$f©Ji£-WM 

u-ifflnxagx i/— ifinx« m^©^J1£©afeW;** y h 

"rsc^^Rrtlii^So ^i©^?-©*^©?*— *&^e-# 1 2 9Sc&5££>ft 

&v^-n\ s&ja^^^i^jifc-rs^y— ©^— ^aviy— ngftH o is 

tj^e-* i 2 9 testis. zn&&LT£&wtz&&m-c%mm-eib%o 

fail£ftW£o l/— tfiPXSg©^#{±^-^-F^{cJ;DPiDi!j3®»4 
1 9fc&®*#y h©^fM©^^Xi7-T5o dftfcj;^ mMM$lB4 1 9 
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0 lW±jmmm®G 0 3lzM% 0 iot, £©l§P§&©*#£fcl)ag&£*i 
j&-r£££#qTti£&3o £©ggPifc©*££©^-#y:^-£ 1 2 9fc:&3££ 

0« 1 2 7<O^Dy^Bl7?*4e £#$J» 1 2 7ttB£ft&4 2 l^lF^PM 
IMBftfiM 1 3*ffiZ%><, M7 8&OT7 9©0!lfcM&;5jSU± % ^^9— XVMP 
&©P##&ft£*iS£2:T-&£o ffiHRAffitti{4 1 3fctivBI6 9©/iy- 

StK||p^©Mi:^i:©jeilll^©7 :J -^^«)§a^^^TV>-5o I'-ifjrax 

^g©^#tt#-4?- H^fc«fc DMIRSS4 2 1 h©^fH©^ 
^X*«o cfttcfciK tt»Rffi4 2 1& ffinnfl»BHt«4 1 3fr$>c:©if- 

®T-^lil/>Xl^Mig|i4 0 5 N tr-A^x;l>^5 0 lXfcfcKHBR 
D©JfflliJ'6 0 3ti3SS&nS« <fcoT\ £©M©^7-£TJ*llP$t©*££(;:f|g& 

^tifei^— tfinx^ST-^— ifinx-r-s^^fcj:!?. ffi^©\f-&©&w;*#<y h 

1 2 9fc$2IS,;h^ ;W-&tfl^Pt&©*££^^£*i3o 
P##:*:tvvt8£\ &Mx#^©xf&£*^<«££fc£tK ftjx^fto 

91 



WO 02/22301 



PCT/JP01/07954 



[£§80!]] 

>W:*l/-1f#0»D£bJS««&f (Hz) % JPXjftfete0XW^5r~S?Xtt 
YH^y-S?©gP|M|flE'ftv (mm/sec) b~?Zo ZM®Kr--*J<D&$mm± 

n=f/v 
p= 1/n 

*®mt%Zt1fi'e%Z e Wk*)MLffi®m& (Hz) 

fc^*^-y©£»»K&v (mm/sec) £/J\£ <f D x tfy^pfc/jN 

£<*UWT§*. jttfcs *D?SU«fflQR*f .(Ha) Z'isZKtZZb^Xr-P 
<D&W}MM%v (mm/sec) # ^Sd^fc^tK tf S> 3t> £ < t 

o 

£C3T\ tfy^pi:W^7-f >5^ri«Dfc:*tt*^7yy^^y h©^ 
d£©il«K8 1~08 3fc^H«#&§o *mnm 
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^if^7^>5raoTjPXmt/0Mfcif»fcB^^tlT^So 08 2 

... if*nxi^T^t:Snxm%©«]»fxg^ff aix*ttfe*©/\> **y 

SSFJifcfcSo 08 2^OT8 3-fc«tiitt N ^ y 9 > 5 Jc 

15 'J&oTjl5ttfi«Jfc^$nT^S0-C N -^5y^fB«9*je^fcLfc/inx^%0 

08 ltc:<tH«lfy5 : -pAs^diD^:§<^tiT^Ds H8 2fc*fttf try 

ttPKfcj&jfcSft.fc* 5 h 9 0 £©«**ft3fi&£:h,3* 

X^y h9 0©^©«f>o§^t<^.5hs Jnxj^MrtMrM^ >fc 
25 $&oTM®fci^1-5©#ffi£t£&Ds tJ»r®©¥fitt%^<J&So 08 
1&OT8 2fc«tnifx ^5y£X*Vh©if&©{££ot£/J^<-££3©T- 
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bfc#s jgffifeffi&^y h J Pm$r&£ihX#y YX-bmWLOZb&WZ&o fib 

m& w&m Wi&x- $ «t v ^ u inx*f » £ ®^ t t / w * v -*?%<DMit 
s v-if*px^e loo knft*jisi*(tij&t:ia 1 4 zm^rmmtZo 

BS«£*ifc^-5 1 , 5 3*;, ^^-5 li;^^-5 3i:©^fciB^^tlfc^ 
K 5 5 (DttU&M X «Nd:YAGT« tb £ • 

X* £ 1/— if!£!R 5 5 {3 Jn^ £ c lc «fc b s i/ — tf^jf 5 5 0£K&$&J9frgft 

» 
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t 

£$8££tf£o V-y%mmUl 0 2fr£©M^S (#J;tfc£jgW$;Vl/*©iSt 

♦ . 

ZT-vmom i l 5&j&g«3M£©-#li:£3o &K©M!& X v-ifjnx 

iiS^»-rs £2:fc:<£ »k I/— tf^.©^^©^^r^Iii©^*» 
JlWfc&a i^-ifinx^fi©±^MW 1 2 7tt N fg lfllfcfi&s l^-ifj&nx 

2 7££&M©^tB£iifli]Lw;g>o ®8 5i±m8mm 
3 i/-ifM^a©^©j#iJ 1 2 7 ©-^jo-gu^^^f y ^ET-&.So 

1 7 fcfcl®it$Cl?2& 14 1, imiBM 1 4 3 # VHfcffrfcfR 1 4 5 
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Xf7>9—V 10 9, 11 l<D®W}&m<D*g$&Ai3$tl%o Ztlt><D\±\&V 

1 4 lBLtifcbfcsS; (n=f/v, p= 1/n) fcWffibTRD'&SaWK;* 
tfy hfS©8Bfl£ (Ify^) fcStirrSo ElKjlffil 4 1&, ^©ggH^-^^r 
1 2 9fcj£3o ClftfcJiD, ^6-* 1 2 9a±A:fr£ftfcJi$$fc©;*:t£ 
&t5^0*t£©&£T*^$£:h,3&Kx#y hlHI®E)lttf&3*$*i* 0 

&tz, zommT-fnmmtim 1 4 5tz&mt>tiz> 0 -tmzm i 4 3 £ 

Bfefftfttt 1 4 5 fcfc, £©«^-* fc^fciBtttt 1 4 3 fcfafi^tifc^©^ 

ffrlfcb^* 1 2 9fc3l£o Cttfc«k»K ^-^ 1 2 9 £tti&raR<Z)R&&2 

fiSMmJVAS 1 4 1 fcfcS; (n=ffv, p= l/n) ^JMLtQfeM^^y hn©EJt& 
ttJ*bT^*##©«k3.fcbT%<fcV> 0 m*)MLmmt<D*%$ tZr- 
^10 9, 11 lC^iMt^jKy VmommtcDMtfkZ^isb&MLtzT 

-y;WtJ&U £©^-:/*©^-*£reB«JMfri 4 ltcfBtl^-frSo BD 

MLmmi(»X%$R-tfZy'-i? 10 9, 11 1 <D&Wfi&m<D*Lg£ ^St«# 
01 4 1 J;: A£ 2 VmmW&l 4 l&±fB:r-:/;i,©*#>6£ 

££RT£i:bT$J;V\, -cnfeOW^^IBKRJIcaJl 4 lfc:fcvvr±afcbfc5&fc 
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1 2 9fc^£-£3fc#>©flL3I£fT5o 

HftWbTV^So PD'&SiSJCastfv MHO»aicD«liftA* U H^SUH 

w©^§^^^7 i -^©^s&3is©^t^*$lJ^ilbT^) < ^;v^o erFcftfco^ 

08 6 tm8to1zMZbti&£#MN& 1 2 7 ©ffe©0!J0-gB#£3Vf y 
* BIT** So 1 2 7 &Jl«MJiL$ 1 4 7 £i!;?.3o Iz-lfJOX^g 

©^##l±^-^-K^fc«J:D^^$ISUl 4 7Hm*)&5%mx#y hlS© 

<D®mmmm%xtb% 0 nmmmui 4 7«:^#$tifc5 s ~^^i/-if^« 

1 0 2 fcjSSSo - ©M«© A ^ttt^fei/ -if irax^gTSnx^ 

rniitv— ym^tzztfc&t), m*)&5ftmztfy bm<Dmm*mm<D*% 

EI 8 7 {±0 8 #) ^tlS^SJW 1 2 7 ©£ & \z%V>m(D-Ufr*7ji~$- 

©A^fcJ; D&ftffigft 1 4 9 !4±ffiS:-?>x— LXs £©5g8t©:*t 
SfcfcSfca&o;*? 1 - i^iXiK § mm t % o ii ©WC tt* D. « bM««ttHS 

h#T§3 0 £©x^-»i>^g©*££©^-*&^-* 1 2 9fc*lt,ti 
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088 \tm 8 t>tiz$&m@m 1 2 7 £ m©^®-^^?- 
yuytmt&Zo ^wwi2 7imfr&t>%mmi 5 i^^^o ®8 

6 SOT 8 7©«£-£gfc£j*U± N ^D?gbii«W^^-^«jjiftO|3o^ 

^m.^t>%mw^ 151 iz\±i-tz> 0 m^t>^m»^ 1 5 1 fc^iess-?^- 

&<D*%i?£tez>& 3 \z u-yym 1 0 1 *mmtz>o ^-mmu 1 1 5 & 
^^tife^^-^i&jijKcD^^^^^i^^x-^i 0 9> 1 1 i«n 

^mmmmom 8 aim^s i/~»x;£&£i8iE , r s 0 #px*ri$? 1 & 

$/i;n>ii7:r;\T-&£o H80!|l;::fe^T N EI 1 5 fc^-ffg lWd^S Iz-lfflPX 
^^^^Sl 1 lgu l^^XO^bXlz-ifx-^^ixS^il^La^jKy h 

©*t££0 8 8 ^mir^mm^ 12 7 fcA^Jt^o 
*LTs 01 Std^-r^l^JMSP-^px^^m^t^x^T-Sl 13 



98 



WO 02/22301 PCT/JP01/07954 
3©SMfr*\ mX^-V 10 9, Y$U5r-^l 1 1 

*fc<fcD> iftesmfttisxtfy h<Dwm*ftmn%z>o mn-mmKomz^ 

[Hi90!|] 

ff21?©fg 9 0!lfc:#S 1/-" tfttJX^S*MV^TilDX^% 1 ©Mfc-o©^ ^ y 

4MBW-9 ^j^^tifeinx^ti l ©^HT-feSo 

L©H3tej&£j(jQX2t#<$i 1 <D?m<DWffl 2 1 ttSEfc^fr U 1jDBr?£9 W > 5 
*i££!)> ^5.y^«*9 (9A) ifiWffi^fe^J > 5 fcteoTinxttfcife 1 © 

£$9 (9B) tftiUBrP^-f > 5 fcteoTSDXfcHM&l 1 ©F<gg|5©gEB3fft££ 

«£bT N m9 Ofc^f ^y^:l$9A,9Bfr£>^5y^9 
7?4MRM9A (9B) fr£*5y*«j«9B (9A) #|qk ^5>y^$|j$9B#v 
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iik±<D <fc -5 IzM 9 Mlz X *i\zm$k<D Z5y#®®9 ZMf&t 3 zbizk binx 

nmii^mm-r^om^bt^mm^m^x^o tot. mmizxti 

ffiM 9B t 9 C»^§ 0 ^fe N l/-1fft©AI>r#|pa&£> 
M 9 2 Izmir X o fciDX^tJ 1 ©JP##ft£ifi£ iT^lqjKfc WffiTZ d £ 

^L* s ^tcJFM$^^7y^^9fc«k?)iSca#tl5o 

$ti5?5y?mM9*i%~\ l zB}&-?Z>Z£&x%teUo ztilzMLX, AMm 
izM Lxm^Xfr \zt 5 y 9 3 £±f3ft£l#£ b& v>©t\ 

{HU *^JS^©^9^J(^V^T^ ^©^^y^^9©^I^i±±fB 
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ifaoxgg i o o tmrnomfo* b-tv^o »90jte:fev*Tz«i;*x--$> 113 

*)s &mt, &%&e*ixix.ft&® 1 ©jp##ft£^Tjp#©¥#©ffig£ d 
Aim (ftir 3 ) ra^&gx&^#rgfcMi b& t> > p#©w&¥#©{fcgfc: 

WflBbfeD-t-fcCfcjP-e&S* 

i©i:o^09 3 sot 9 4*m^xmmirz>o ^mmmom 9 mxttm^ 

9 4 o fcs ZUfc^x-^ftii^ v >X 1 0 5 MfrTz^lfrS-e-s £ 

^ *3te^Ptt*® 3 a> ^sax^ti 1 ©rttttsmrr 3 o ^MP©spx^ti 

l ©ftS$t:mt3^i&*&NzT-&s (N& v-Vi(L\zn-f%lM3ttmn 1 ©JB 

o ^Xs is-vytL\zn?%MJiMm®i<Dm%Tm*mmLxz 

*H-5Bfa©4ftg&^1ii3*»6iinx»«iifel©rtl5a7?0re*| (Nz) tTZo 
£©M (Nz) £±IBB#r¥ (N) fin^tl:.};!)^ ( z ) £ 
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^-v 1 1 3 ^mwmmti c fct i ?k ^om^i3 t-s-a «k 5 1 

T\ >-1f#L©J|^Pfc^® 3 ttit £ <fc o £ I/— !f j&nxgg 1 f*Hfi$ 
tuT^^o tfes £#fijiJ»l 2 7^ M9 4TOTtfe^M (z 

&ti 1 & y zi > ^ 3i / n t* & £ o 

fc> #DX#^tji©jp££$ij£-f£ 0 JP#oiffl^i^2&V3tox5t*ft%'i©B*f4s 

&«£lt, mummi® z w^rao^i&a ( z > £&srr3 (si o 3) Q c 

Miltrl ©*® 3 tfl^-f 3 l/— L ©Hl3fej&*£S(S*: LfciDX2Jfe<» 1 © 

©ffig^^^n^o ibtejs p ©<ftgi±jDx*rM i ©j*s % 

$*Sfc«&0^1Sf»«05 s -^^lS3fta£fci|^ P *ffitt**Sfc»0 

ffiVN-r^^tiSo ciifeoilft*©^— ^j±^«iwmpi 2 7tcA#£*x3o 

It Z i^r-S^ 1 1 3 ^ Z «|q]0^i$ t5 (S10 9) o Z.ti 
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1 3 ©£©&g£&v^ /v\szu—yy6 l (om.%& p mmz iz^mt^c 
-< > 5 *$tyjDx^«j i ©gt® 3 <Dwm®.7-$ zmntZo zvwmm. 

r-^^IJiSP 1 2 7 ^Lttr^ 1 2 9l38S&ftx CftfcJ; D 1 
2 9 > 5 ttffi© j^HfcflHfcw 2 ft£ 0 

^WBWW 12 7 fciiW*^ 5/7S10 3 T-Sfc£2 tbfcfg 1 W©?-^ 

#inx*r&ti i ©wguk^sMfcx z w*^— 5; 1 1 3 1 £ Djpx^jfe% 1 £ 

zmiifatfemzitz (si 1 1)0 z<Dft&®&m£mxMM.miQMmtfT&'e 

mi 5 £mir&im<DZ7-y7' s 1 1 3 tmute ittiw^^ 
> 5 <fc a fcjox^gi* 1 ©tfig&fcflM-rs (s 1 1 3 ) 0 mm 

1 1 7 )„ £©*^y ^»*»^fR«^iDx^«j 1 (Dfi&vmm 3 tt&ic 
^^xmtn*w : ?^^>r>5fc:^6oTft(f«^i:^IJ:D^ iox*r 

ttlWtS (SI 1 9)o £ftfc«J;f), SPX^tJ l*^a>^.3/7fc 
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[HI 0 001 

^$$*ifc2jnxft&ti i ©$4£ig-c & 5 o ; vi/x i/ -if sfcLoibtej&fcfcflnxttfc 

% 1 ©;VU* U-if^teLO^® (AIM 3 *j8-tTjDXjtJit«j 1 ©FWc-&£> 

tzmw&tix^Zo cti^>©^©TT-w^5-r > 5 tem^TtoT.MM® i 

m 9 7 ttH 9 6 {c^-TjfjpxM^tf 1 ©S5#$r®®T-$> S„ * 5 y * fttft 9 
LW5o ^7>^i«9 *iOX»ftft 1 ©/P&#ftfc:fe^TJi<fr©^#©&g 

wm^7-^9 1 tmm3 (ig2i) ^©EB^tb»s<'rsci: 

0 9 8&EI9 6 fcHtRt:*iaiegJB0Hl 0^J«§l/-1fJpx^^v^T 
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JS#©^#©tfcg<fc bigffi (XMffi) 3 fcjSv^*fclM8S LTffM2*vfcfc©-e 

&So ^7y^«J«9ttto^ftl©rtaj*0^®3fl|fc^$ix*o 09 9 
1*0 9 8 fc^-rfltllJtfcW 1 ©ftJ^WIBBlTf * So ^7S>^«9 3 $Jfc 

m^>^;*^©M£R£«££:#-et£o -r^t)*., *^y*«:«9*»&*7 
^91 §soxm^% 1 ©31® 3 Rvmm 2 1 *s z «k d x m 

S*§-£-fc&So ^7y«9 •fcSM3©^jWfct6» ; ft^i: % gffi3illfc:^v> 
3 ©!&$!# J£$fcA<rtg^©T? N ^7-^9 l©f&l#fa©1*;ft£/h£<-e£S 0 <fc 

®*r # s * ^ y 2 mw, 9 s £ * 5 y ^ mm 9 3 t * n 

So £©&«>> ^5y^««9*©*©©7>^A*J|^4^ffl3fc3itu Sffl 
3©5^e>^©MB£&Ds fflftmfttfflK&Sb 

#©<fi««fc D Si® 3 fc«V^fi fcWfll t X V =7 v trffi& 9 £ C £ & T? § 

So £©®£\ ^v^^^9{±Snx^%l©OT4>©*M2 HftlfcffM^fri 
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m 1 o o im 9 6 b®nt*mmm<Dm i omttt* u-muttrnzm^ 

7^ii9 ilYffi^ * .{fig 9 £ &±imM b T V ^ 3 o 

mm 9 *u * ^ y #ffimfes& t lt®* ©?- * 

Ydt&lRl©^5y^««9 fc#it£«@ffi#£b£o t5t§@^li^7i/ 

dntc^bT> 01 o ot^-ridt, jpx^-^ i ©j¥<fr#iqjfc&^T\ x 

X^^|qJ©^^>y^^9 ^Y|ft^r|qj©^^y ^^9 t#M-T3©:£ 
XtttfT fa© ^ 5 y £ MJ$ 9 &tFY$fi;£|Sl© ^7'y^Ii9©a^tI 
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bfc#„ *ll^«*^JBW*^b«*Tf*Bl«©ii: 

-ifinx&g ioo ^ii©$t$£ bxi^o si i omk^xzm^-^ 1 

1 3 fc* Dinx#fcft 1 ©JP^|qJfc:^W-5^^P©tfcg*s||g|S^nSo £ft 
t3£?K *^P^^I^X^•^l©JS^InI^C^V^TjP^©^©ttM 

etDAM® (*M3) fcsev^ttxiiaiv^gfcistibfcb^ jp*©n&*^©tt 
m^fctjioT^ ^H6©n*^i/-if3fe0i^^*irax^4»©rt*B5fc 

««^str«3teffli/>x i o 5 ^jnx^ii^ i ©jp^iqj^^ft-r^^^^ 
£©-^ inxmti l ©JP^iafc^fcJ-^jDx^gi^ i ©$M&fBftti$tbs 
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frr&o ioM^-^^tbT^^-^Miii^i 1 5 *sz«&^.^— 1 1 3 

j&r-*tt x Hft;£P£Slffi (Alt®) 3fc&g£#£©Mg&;fjpx^tfl 

©Jf fr#fafc:fc^3;&PX*r^ti l©f|fe©ffi^^|&S©-^jT^§o W&r—Z 

mm 1 2 5 & N ^©ffi^wnis^^-rsati^^-rso 

£«J» 1 2 7fciU E9 3SV09 4Trabfcj^ltlS (z) Or-t&K 
*}2ti, mmZtiZo 1 2 7 tt N iPX^tH ©jp##|qjjc 

^{tsADx^a^)©^^^©*©^-^ *ieit-rs$itfe*^-r§o 

12 7, 1 S&tfZiftlp^-^l 1 3fc:<ktK 

0 5 1 £ D H3te*tife^i;^ i/-if^©^^©tfeM(±inx^% 1 <Dmfr<Dffi 

*%mm<D$& 1 o^jt^six-ifjpx^^ov^T, m 1 l^jtc 

01 s i/—ymTmwR'&m 1 5 fc^-r fi 1 miz&z i/-ifjpx^©7 p-^-^ 

X^yT'Sl 0 lliSl 5£*Vffgl$J©;*7 1 y7'Sl 0 1 bmtT:$>%o & 
{c N EI 1 5t^til^lOXry7Sl 0 3 i:HM§tcl/T\ JPX^T^l©iS$ 
£$J5£« 0 P$©S!l^*WiPX?f^l©JB^^^{3UTs JPX*f#l^ 

i © z $iii#iq]©&im (z) fc&^-r* (si0 3) o <rti&, i/— y^L©^ 

^ P #2jpx*riit) 1 ©Mfcft@£-£ Jpxfti-% l ©a® 3 tc&g 
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0 BM^ryrsi 0 7£HH$-£&£o S 1 0 7*C*J(t gftifc^y 

- * tia^tt&Jto 1 © Z fa iz £ 5 ft!i0*B*f fl9^i&«© 7 s - * "C & 5 o 

COMr-^^kbt ZfftX^-^l 1 3*.-Z«|jS:ia©^»$-&S (SI 0 

9)0 cftfccttK wmmimi 1 7©Rrffi*©^^iB3fc(fl[g-r* 0 z n 

X^—Pi 1 3©£©{fcg£:feVv£> /W^-ifft L <Dm%i}& P f±^®3{3 

fc:fe N 1 2 5 l±Ji^-* 

taw >r > 5 tttmaxttms 1 ©m 3 <D®jmm.?—>? **jrr s o z 

(D&jmm^-Z li^WJW 12 7 ^LT^E-* 12 9 £^£>tu CjifcJ; 
l 2 9fc-®»f^7>r>5#?£©Jfc^H^3&s^^ixSo 
^$|JM 12 7 fcfcfcWa^y 7* S 1 0 3 T-^^n^ffi^^i&i^-^ 

-^liSi 115 liiO^iir-^ l^-lfft L ©H)fe^ P #;&D 

x&fe* l ©Whfesttgt, z fftx^-s; 113 fc J; D ftpstfeto i # z $A 
#fafc^8&£-e-s (si l Do 

Ty^vT S 1 1 3StK^^^7*Sl 1 5li|15iC^T97Sl 1 3£tf 

*we&wo%\ o^j©«^m-T5o jgi o^jtctnts, snx^^i© 
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X § Z. t (3 <k D s APXM^^I 1 fcjfo C fctO®9JDX# njfi £: & £ „ 

mn±©*ijMirfH4 

t^i&^w^^ >^ e>^tifeion^ £ t & < ^ iaxmti^«j®f-r 

g tt * ft ± £ 3 £ # T § 5 o 
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1 x 1 0 8 (W/cm2) W±T*^o/l;i/^i|gds 1 #s&T0^#T*l'-1f3fe£ 
1 X 1 0 8 (W/cm2) ^Xfr-D/Vizmtfi 1 //s^T©^^!/-^^ 
jg# 1 x 1 0 8 (W/cm 2 ) &±T'fro^;i/Xifg# lnsW.T©^#T*U-if^^M 

»u mapx^^©^^^ >{'^oTtuBa&px^tf©^fc:®» 

i/~ifipx^^ 0 

6. Mta*PX^^©M(3^3fc^^-^t>-&Tl/-if^*M^-rs^^ - 

^-s-fr-s-T i/— *?«j®frr£K 1-5 ©v>-rti^ti3«©i/~ifijpx 

7 . fflBZ)DX^%©rtg|5fc^^^^t)-&T 1/— !f3fe*JJ8l*-r* & 

^©l/-y«^^ffiW$n^#^-tf^*MlB*PX^t»©^(3^^^ 

fc^TS&s^ftfrkMarr^N i-5©v^-m^fciB«©i^-ifjpx^ 
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8. mam&®\/-y i ftmtpt>mMztitc&i'--vm±^ mBtoxxtms® 

w t^tciag^ fitztftm^^ts, m&m 7 ~ 9 ©^-r*L*>£ia«© i^-if^x 

12. lutaajcs^^fie-r^xa^ 

*S 1 - 1 1 ©V^tifrfciBil© l^-1f;[jDX#& 0 

1 3 . iina&nxm%i±^7 * £^te > ii^s i ~ 1 2 © ^ttifrizmmo 

1 4 . iufa&Dx^ti{i£Eii^^*^tf N n^s i ~ 1 2 ©v^-rti^fcia© 

©I/— ifJPX^o 

1 5 . mmmj^Mmmz*immm*<2it!, m&m i ~ i 2 ©v^*ia»t3fa 

m© i/-ifJDX^ 0 

1 5©V^■rtl^{3BB»©^-ifi□X^ 0 

1 7. IfffBinx^tioMfBSMice^^wxxttm^^^-v^fig^ 

tlX 1 ~ 1 6 ©^"f *lfrt;:f3i&© l/—tfADX#& 0 

18. ^^^©Wfcl^^-^to-B-T^ Jg^fc&tt^-^y- 
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1 x i o 8 (w/ cm 2) j^±-e^o7vi/^fi*s i usiikrom^v-v 1 ^ 

1 x 1 0 8 (W/cm2) ^-efr-DAfrXMiP 1 jusl&TVgkWrX 

BuiB^©®jM©?tb6B^ 

«ft«&©w».fc p™^©m^*^-t>-fr it ^ 1-19 ©^-rn^fcia* 
©b— tfinx^ 0 

ttSs mWM2 0f3fS©V— tf/JDX#& 0 

2 3. 1 El#©tf R*®ttrcflft£ t fc V-if3fe©*^»X^tl©rt 
^K^fc*^ol^-1f5fc©*lRiS3fc*^^P3©*i|!fl^l&IBSDX^^©tD^ 

24. i w©^p3^©i»p3ii^^ tfe v-^itomt^m^nnmon 

/£^>*:*&5J;5J^ #Bfc^fc*tt*t:-^^i7— ffift^i x l o 8 (w/cm* 
) W±T*fro/i;v;*$g# 1 //sWT©^fl/-1f^$Mt5 ^ hfci 5, Iff 
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M^sObfoo&o^ $kybfikk:&tt%\z->7rty-&m?l x l o 8 (w/cm* 

feUytftto&ok., *^fc:fcit3£-^/i7-2gg#l x 1 0 8 (W/cm 2 

2 7 . mmnu%\±m^i$m(bwm%x-$>z>s 2 3 - 2 6 ©^ 

; -ThisHztm® \y — if /jdx#&<> 

2 8. luiB^R^©^P3^^1/4^^©^^^fbf3j:DW^S^ 
ft $JH 2 3 ~ 2 7 ©^-rtlfrfcfB®© l^-ifiBX^ 0 

2 9 . lofBM^^^1-SX@^ 

l/2«^J;t)l/— !fft©filft£lil&9 0° £fr|ali!g£-e-T, MBiDX^ 

— *finx£& 0 

mmjLttm}^ *f *xs*fliA m$3 2 3 - 2 8 © 

3 1. 1 W©^fl¥©^f P3ii^* bfc l/— tf3fc(O^3te^*2iax^fe%0rt 
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£^>fci&5J;5 Us fffB»PXMii%K:i/-if^MI*"rsci:fc: ( kD. tu 

.ftP-lxlO* (W/cm2) W±{33feS«fc-5fc:/1^^l/— tf3fe^^3fc-r§^3fe^ 
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-tism&ix i o 8 (w/cm2) vi±xi&%&5izrt)]/7.\,-*?%*m%ir%myh 

V —If ft©; ^ v — ©;*: % £ £ HgiS t £ > 1 7 -iSgjS^S 
fffBu-lf ftMfr£ ffit^aifc/wx b-if^©*^©if-^^i7-?gjg*$ 

1 x l 0 8 (W/cm2) &±lzteZ>£ 5 IZJVIZ l/-if yt*m?6-f%m?b¥-®b, 
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lulB \y -if Mifr £> /±1M £ Htz JVIX )y -if ftCDMytti® * V — 

lxlO 8 (W/cm2) j^±fcfeS«fc5fc^;i/^l/— if3te***-rsifctefflb>x 
fufB^JS 1/ >Xfc £ D Sift;* ftfe/vi/* I/— if 5fc©*3fe^^irax^-git>©rt 

IWBrt»fcil3te^*'&*)'frT 1 >Vl/X©/Vl>X P-ifft£ KTffiBiQXjtJftftfcBR 
tufB 1/ — if £ ttlM £ tifc; i/— if ^©KBfej^© tf — p ; 1 y 

1 x 1 0 8 (W/cm2) W±fc^S«tafc^;i/Xl/-if3fe§«^-rSft3fcffil/>X 
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i x i o 8 (w/cm 2 ) )*±izte% ksfc/wzis-ifytzmyb-tzmytmi/yx 

ts 
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unax* £ titzJ viz v—yyt<D;iv-(DX%$ fcx verba* £ fitzmo^c 

; vi/^ i/ -if 3te©;iT7 £ ©a* iz&^xmm v -yytMtp zmmzti 
i x i o 8 (w/ cm 2) w±fc-fes x a fc;vi/* if3te*n*-r i/ >x 
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TtfiiBW-HI^m-efc timffiZHZsVlZ i/-1f3fe©^7— ©*££;&TJniu 
!3Mfc©JI}feM 1/ >X£^fr^m©lln^©*££©M£®:W:*# y h ©ifS; 

M*]®3 6~4 0©V^*lfrlCf3ie©l/-1f2JDX^g o 

4 2. >'Vl/^«^l//sJ^^T0^v^^^-if^*ffll^■rsv--1f^h^ 

lx 1 0 8 (W/cm2) J^±fcftS<k5fc/^^l/— If^^ll^-rSlbfc^Sfcx 



120 



WO 02/22301 PCT/JP01/07954 

t 

1513 u— yytMfr e, ffil*^ *xfc^;i/X v— if %®m.%&(0 v—Z^v—mfeifi 

lxlO 8 (W/cm2) ^±fC^Sct5^^;i/^l/— tP^^-T^^ffll/>X 

lu IB*^ffi u > x % if © H □ &©* t £ £ W -f § p§ □ gfc m%8^& t 
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io i x i o 8 (w/cm2) M±tet£&&5iz/vix\/-y t y£*Mft?&Mytmu>x 
25 ^n^.s 

ttBl/>^3«R*«ttx HreBUPftji^SfcJ; D^^tifcHPlgtO^t^ 
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1 x l o 8 (w/cm2) \>A±fct£%&${z>V]/7>\s-V%*m%1r%m%mvyx 



123 



WO 02/22301 



PCT/JP01/07954 



HUfB U — if ft» & fcHltf £ fl £ t V — 1 7 — % £ £ TO f £ / 1 

lxlO 8 (W/cm2) l&±tete&£5\z/V)/ZU- J \fyt%My6lr%My£imis>X 

ffia!lPXM^CD^®f^7>f ViC^&oT^^l/X l/-if^©^fej££*s*hftfc: 
IuIB^i 7 HHflSS^Kfc J: t) Mi £ sVl* l^-if &©;17 -©* § £&Tfiiu 

f3Mfc©iiftffl i/ >x©n □$©;*; t £ ©si ^ am* ^ v h ©im t ©ffiKii^ 

* l/-ifft©/l7-©*£ £ (DmffiRW buIB^©*^ b >X©JI£R£-r Zs 

i^-ifinx^g 0 

47. BLiiB/^-jl^^fc.ktiJllR^tifc^y--©^:^^^^^^ 
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mum 4 2 mm® u-m^mw.o 

£n m$m 4 3 Xfcfc 4 4 IB^CD V-if iPX^go 

. si. >v\sx\s-v%®^%&%m^Mm)®nmz<&t>*kx, mm^n 

i/-1f^©/i7-*|fff3^ 1 x}§£ < < & a £ 5 izmm 

U ^o/Vl/XV-1f^©^^^|fifBSax^t/©rtgP(^fc-&T N MfBiDX 
Sfg2Xg^ 

5 2. ^;^xl/~if^©*^^^)Px^^0|^gufc^•t)•^J-T^ fuIBflpxft 

t^oTBuI3iPxmtl0^g|5t#^i®iKtiSOT^*^-rs^ 1 xg 
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< X&>h£ < &3 <fc -5 fc« U fro; VI/* P-im©il^£iiufS&D 
J; S-ffe© W^^B^-T 2 x© 

i x i o 8 (w/cm 2 ) ^tetezzsiznfrzu— y c yt%my6t&my(i3 L ®Lb, 

HalB]^il^#^m{c:«fct)^^tifcra*^t-Si^l(l^#^^, 
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Buiai/— yytrnfrb fctnteftfe/vi/* is-vytomytti® 

1 x l o 8 (W/cm 2 ) J^±fc^S«ta(c;v^i/— tf^^^TS^^i:, 
iufBt/— If £> tB^^tife^^x I/— if %®m%&<D tf— £/i 7— 

lx 1 0 8 (W/cm*) ^fc^Sia^Vl/^V-lf^^^-rsa^©^ 
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©B&£ffrft"rs®&ffr&£®!^ 
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1 x l o 8 (w/cm2) J^fcftSJ;5fc^;i/Xl/— -if^ftltefe-r*Jtote^S^ 

iut3Ji&&iBSi3M£l±> Bu^SEtfc^^fci D«#^tifeM^©^:t$ 
t: & £ <fc -5 buIB If £> tti$$£tiZJV\'X \s—*?Jt<DWk *)Mh J»$t© 

5 8. tuI3ii^igt^^fc:<fcD^^tife^S[ISc©^^^*^-rs^ 

1 x 1 0 8 (W/cm2) &±fc:&S«fc"5fc>'Vl'*l/— ■ 9ft&$IUbi-&3l&G&&b* 

* 
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I^D^5iiufBafcSX#y hfi©l^©*§£©A;dfc«-c5^T. ^D-^atuf3 

-if ^©«^©^^Mja©^ t £ £ &gtf s t ^ 

i^t:f[fB^i^t<):S/^ b-ifft©^/£©TOi$;&t!jjgjg 

^3lJg*^^#^Ss flings 9f3«©l/-ifj&nx2lft 0 
wiBU— if IKM** <o £ti£* $ ft£>>i;]/X if ft©!! b M b^^©^§ £ £m 
lulBP— if #$ifr£> ttiit^tife/i;!/^ I/— if^fe©^^© 

1 X 1 0 8 (W/cm2) J^ZtZ&&5&WZ]/-Vft&mft-p&ilk%i ! £fSLb* 
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£ £ & £ £ -5 1 tuiS V -If ftMfr ffltJ * *i£ u — if 3fc©Si D £ UTO 

o 
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Buiara^i±, suffix c*v^T #$g£ t itmm-z&z ?^v?m 

-If :>fe£Mitf"r £ c: i: fc <fc & > Bufa&PX^^O^DISf^^^ >fc?&oTluf3&n 
oT3£^J:5K:tM(^«-r*xg*iii« N V— !fipx#& 0 

6 6 . U— !J%©#bto*tfc::feW-<5 1 X 1 0 8 (W/cm*) 

M3iPxm^tTO^n^i/-if^©luIBinxmt)^©A^^f^t*{ta 

6 7. Uffa4SHK©3cftfg«^ IJffBJPXM^fcrMftf^tiSV-if^XIJ 
t"al9Satox^»<07J*ffifc^LTJSV.^3^fe«fc^-rSs tl*S6 4~6 
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o 

7 1. i/-if^©^^*iax^%©mt:^tj-e-T|fff3&ax^^fci/ 

-if3te*M««c fct: j; d n BuiBiax^r» (Dwm^fe^j ytzm^xmmbu 

1513111 ig&» l/— if ^©^^^lui35Pxm%©JS^*|qJ{c:^V%T buIB 
Jg 1 xgfcfetta l^-if^©^M^M&^(£[SfcliffBi«Ix^ti©l*lfiP(c-^ 
to-frt Buf3iax^»{3 1/— if 3tefcflBi*i- s i <k D ^ MSAnxm^©ffii© 

*la^afe^^i:^355ll«J:5fc:^«^2x@^ 
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AlfffifiS IZMRTZ > 7 1 fB«© 1/ — if Jnx^So 

7 3. IWB*X^»fci/-tf^*M»-r«^*, b-«©*^ti5 
ttZV-pAy-ftmifi 1 X 1 0 8 (W/cm2) Jll:7!*oTWi# 1 #sft* 

T£-f £££££ tK t&ffirtftfc*? y ?ffi&*$tsmm(mffl£*Bl&TZ>, 

m$m 6 9 ~ 7 2 ©V^ftfr (CiBtt© l/-' ifjDX^raco 

7 4. tuiBtjnx^t!fc l/-if3fc^^|*1-5^* N b--1fft©Jgftj&£& 
ttStf-^W-S&jgtfl x 1 0 8 (W/cm2) &±T*oTn«/Xtt#l #stt 

m#m 6 9 ~ 7 2 (D^-ftifr fcfB«B© l/— IfflPX^o 

7 5. BufBtemtifclx— tf^^MI*-rs»*v 1/— tf3fc©«3tejfefc^ 
f**fc-*^7-fcjft#l x 1 0 8 (W/cm2) ^^fc^T;W*«#lnaErF 

tfHuflaafeK^^jf^-r^s gt^g6 9~7 2©v^-rti^tSB«©i^— tftjox^ 

ttetiS l^-1f3fcCT^§BufB»ox^^©Sff«l^^5 £ biz x Jk tute/P 
ft S BufBftlx^^ ©tBttftgabS© 7 s - # £ £ ^#x@ £ N 

MlBtjpx^#jfcmi?^n§l/-if^©^^^|fiiBXI*MfcM^-frS©fc 
-r§flfe©^#xai:s 

frra©^wi!jg©^-#fc^^T^^ 
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